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Abstract 
In this paper, an adaptive feedback control method is presented to stabilize a class of chaotic systems, the structural 
function of whose is not necessarily to satisfy the Lipsichtz conditions, but bounded by a polynomial of the infinity 
norm of the system state with the gains unknown. The adaptive feedback controller uses a simple polynomial 
function of the system state, moreover only one component in each dimension. To check the theoretical results, we 
try to stabilize the Lorenz system on numerical simulations. This paper generalizes the Huang's result [Phys. Rev. 
Lett. 93(2004) 214101-1]. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction  
Chaos has been found in many engineering system. In practice, however, it is often desirable to 
avoid chaos and to improve, or in some way change, the system performance. Since the pioneering work 
of Ott, Grebogi and Yorke [1], controlling chaos has been extensively investigated in past two decades [2]. 
Various methods for control and stabilization of chaotic system have been presented. Some of those 
approaches include the OGY method [1], impulsive control [3-6], linear state space feedback [7-8] and 
adaptive control [9-11], among many others. However, the afore mentioned control methods fail without 
any prior analytical knowledge of the systems. In this paper, when the structural function of chaotic 
systems is assumed to be bounded by a polynomial of the infinity norm of the system state, we design the 
state feedback controller which can render the closed-loop system asymptotically stable based on adaptive 
feedback method. 
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2. Adaptive Feedback Control of Chaotic System 
    Consider a chaotic system of the form 
( )x f x= ,                                                                                                        (1)  
where ( )1 2, , , T nnx x x x R= ∈" ,
        ( ) ( ) ( ) ( )( )1 2, , , Tnf x f x f x f x= " is a smooth nonlinear vector function, and 
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where ( )1,2, ,kl k m= "  are unknown positive constants. Here and throughout, for any vector x , its 
norm is defined by 
1
max | |ii nx x≤ ≤=& & . The problem of control for system (1) is to design a simple control 
input u , which will be added to the right-side of system (1), with 
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Such that the controlled system  
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is asymptotically stable. This controller has only one component of the system state as feedback input into 
each dimension of the system, therefore the controller is quirt simple. To prove that the closed-loop 
system (5) with the adaptive law (4) is indeed asymptotically stable, we introduce the following 
Lyapunov function 
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derivative of V along trajectories of (5) is  
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since the two inequalities holds as follows 
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Substitute (8) and (9) into (7), one can obtain that  
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Furthermore, 0V =  if and only if 0x = . So ( ) 0x t →  as t →∞ . That is, the controlled system (5) 
is asymptotically stable. 
  Remark: In this section the control problem to be investigated is under the condition (2). Therefore the 
class of systems in the form of (1) and (2) include a large class of chaotic systems, Different form the 
existing result in [9], we don’t need the value of Lipschitz constant of chaotic system. However, 
when 1m = , we obtain result of [9] form our result, So our result is the generation of [9]. 
3. Simulation study 
After investigating the control of the general chaotic systems, now we illustrate our result by the 
Lorenz system. The Lorenz system is one of the paradigms of chaos since it captures many feathers of 
chaotic systems. The state equations of the Lorenz equation [12] are given by 
1 1 2
2 1 2 1 3
1 2 3,
,
,
x x x
x rx x x x
x x x bx
σ σ⎧ = − +
⎪ = − −⎨
⎪ = +⎩



                                                                                                    (11)  
If we choose the parameter of the system as 
810,
3
bσ = =  and 8
3
b =  and 28r = , the dynamic 
behavior of the Lorenz system will exhibit a two-lobed pattern called the butterfly effect shown in Fig.1 
and 2. For system (11), we can see that there exists positive scalars 1l  and 2l
satisfying ( ) 21 2f x l x l x≤ +& & & & & & . According to (3) and (4), the following controller can be 
obtained 
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Fig1. Chaotic motion of uncontrolled Lorenz system 
Fig2. The time series of uncontrolled Lorenz system 
Fig3. The time series of controlled Lorenz system 
( )3 3 311 1 21 1 12 2 22 2 23 3, , Tu x x x x xβ β β β β= + +
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With the adaptive law ( )2 2 2k kki ki i ix xβ γ += − + , 1, 2k = , 1,2,3i = . The initial conditions are given 
by ( ) ( )1 2 3, , 5,5,5T Tx x x =  and 0kiβ = , 1, 2k = , 1, 2,3i = . Let 1kiγ = , 1, 2k = , 1,2,3i = . Fig. 
3 shows the simulation result of the controlled system. 
4. Conclusions  
In this paper, we have introduced the adaptive feedback control technique to stabilize a class of chaotic 
system, the structural function of whose is bounded by a polynomial of the infinity norm of the system 
state with unknown gains. The controller has only one component of the system as feedback input into 
each dimension of the system, therefore the controller is quite simple. Our result is a generation of the 
work in [9], Simulation on control Lorenz system is made. The simulation result has validated the 
effectiveness of the proposed approach. 
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